In the paper, the influences of design and manufacturing technology on the performance of large-dimensional light-emitting elements with screen-printed luminophore are presented. The luminophore is based on Cu activated and Cl co-activated zinc sulphide ZnS. A particular instability when exposed to moisture and at rated electric load has been observed.
Introduction
Electroluminescence, i.e., the effect of light emission by solid state subjected to an electric field was discovered not long ago. In 1923, Lossev [1] discovered the electroluminescence by charge injection while in 1936, Destriau [2] [3] [4] discovered intrinsic electroluminescence that is also known as electroluminescence of crystalline luminophores in an insulating assembly. Identification of those phenomena gave rise to intensive physical and chemical investigations to find the nature of the phenomenon and to elaborate its models. A classical model that proved correct has been proposed by Fischer [5] and developed by Prener and Williams [6] .
The intrinsic electroluminescence, the same as electroluminescence by charge injection, is the result of radiative recombination of charge carriers in II-VI compound semiconductors with wide band gap. However, its origin is associated with impact ionisation processes in reverse-biased heterojunctions or metal-semiconductor junctions [5, [7] [8] [9] .
The electroluminescence of that type is a characteristic feature of polycrystalline zinc sulphide powders, called electroluminophores [4, 10] , that are prepared in a special way. Due to simple manufacturing technology of electroluminescent light sources basing on powder electroluminophores, many examples of their practical use in various applications appeared in the last decade [11] [12] [13] . Low moisture resistance and relatively short life time of the light sources of that type under operation are essential barriers for them to become more and more popular.
Continuous decrease in luminance and simultaneous deterioration of all electric and optical characteristics (light efficiency, voltage-frequency-luminance characteristics, thermal and strength characteristics) occurs under operation as the result of irreversible changes occurring in luminophore structure. All those changes are described as degradation processes or ageing processes [14] [15] [16] [17] [18] .
Design and materials
The factors influencing essentially initial parameters of thick-film electroluminescent lamps (ELL) and their working life and reliability are choice of materials, parameters of technological processes, and design solutions.
In this article, experimental results are presented for example of a standard design of multilayer electroluminescent structures shown in Fig • supply voltage parameters on optoelectronic characteristics of electroluminescent structures,
• supply voltage on ageing, • moisture.
Results of investigation
3.1. Influence of thickness of a luminescent layer on its luminance value
Literature data [8] show and our investigations confirm that the quality of a luminescent layer significantly influences luminance intensity of an electroluminescent structure. Influence of the thickness of a luminophore layer, squeegee pressure during printing of the luminophore layer and the regularity of ZnS powder distribution in the layer on luminance value and the uniformity of light emission were investigated.
In Fig. 2 , dependence of luminance from the thickness of a luminophore layer is presented.
It results from the research conducted that the optimum luminophore thickness amounts up to 45 µm, which is attained by double screen-printing, selecting paste viscosity, and squeegee pressure.
Influence of temperature on a working life
The increase in temperature enhances distinctly the ageing process as shown in Fig. 3 . In the figure, average values for 30 samples are presented.
Influence of supply voltage parameters on optoelectronic characteristics of electroluminescent structures
The results obtained, presented in Fig. 4 , indicate that the rms value of the supply voltage does not influence very much the luminance value during operation, though the value of that voltage shall be attuned to the total thickness of both dielectric layers. The dielectric should have large dielectric constant å r for the sake of desired distribution of electric field at alternating current. In our research, a BaTiO 3 powder of large å r has been applied in the dielectric paste. For further investigations, a rated voltage of 150 V rms has been assumed. The test specimens underwent life test at various frequencies of 100 Hz, 800 Hz, and 3000 Hz. With increase in frequency of the supply voltage, the luminance increased, but it decreased during operation. It is shown in Fig. 5 . A change in supply frequency resulted in colour change, which is presented in Fig. 6 . The increase in supply frequency from 400 Hz to 3000 Hz results in shift of luminance maximum from green to blue (some 50 nm).
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• preageing -because serious changes occur only in an initial phase of operation, it is reasonable to use preageing. The results presented in Fig. 6 confirm that. The upper curve runs above and much away from the straight that corresponds to 50% decrease in luminance.
• self-healing issue -on subjecting an electroluminescent element to a voltage, we find that at the first moment, burning of weak spots occur and afterwards the equal voltage may be applied for a long time. That test voltage is chosen in the following way U test = 2 12Ú
rms . , i.e., if the element is to work at U rms = 150 V, then U test = 1.4×150×1.2 = 262 V. Those data derive from the technology of impregnated metallised paper capacitors, the authors of this paper dealt with several years.
Influence of moisture
Moisture causes an abrupt drop in luminance within initial operating period. This is presented in Fig. 7 .
The drop in luminance within the first 50 hours is about 40%, while at a rated electric load with no moisture, the drop is of the order of 10%.
The disadvantage has been investigated by many specialists and it is suggested that under those conditions, zinc grains get free. The DuPont Company applies, in the electroluminescent pastes, the microencapsulated zinc sulphide grains and thus, obtains certain increase in moisture resistance (the curve parallel to the time axis in Fig. 7 ), but the subsequent curves without encapsulation of the zinc sulphide grains exhibit regular, continuous drop in luminance during operation. That problem is still a subject of investigations, patents etc. 
Exemplary applications

Conclusions
The sources of ageing processes in electroluminescent structures are the phenomena occurring mainly in a luminophore layer. Simultaneous exposition to voltage and moisture causes an abrupt drop in luminance. Protection of the zinc sulphide grains from moisture significantly reduces that influence. Further ageing process is attributed mainly to voltage degradation of electroluminophore grains.
On the surface of zinc sulphide (ZnS) grains, copper sulphide (Cu 2 S) is formed in the form of thin needles [5] and holes across the barrier into ZnS crystal lattice where they undergo radiative recombination and emit light out of the structure. The first ageing phase is characterised by large drop in luminance, which followed by luminance stability. Therefore, preageing for, e.g., 50 hours and removal of weak spots, which is known as self-healing, are reasonable.
To attain high luminance value, a dielectric layer of an electroluminescent structure should have large relative dielectric constant å r as it assures an advantageous voltage distribution across the connected in series dielectric-luminophore layers. In the research, dielectric layer with BaTiO 3 content has been applied.
